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Fevikwg pmopeite va BplokeTe EMOTNUOVIKA GpOpa 0€ OTIOLOSATOTE AVTIKELNEVO, AGTPOPUGLKIG,
duowiig, padnuatikwv, prhiocodiag N otidnnote, otnv LotoceAida:

scholar.google.gr/

Ta apepa napouma(ovmt e aéloAdynon Ko ntpwta avadEpovrol Ta Lo XPNOLUOMOLNHEVA, TA
KOLTA TEKUAPLO TTLO ONHAVTIKA.
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2XNUOTIKN €€EALEN AoTpoU avaloya UE
v pada tov.

Low-mass stars High-mass stars

® ®
B Mid-sized star . .
The Sun .. 4 Massive star
Red giant Protostar Spica
Arcturus V1647%Orionis Red supergiant
» Red . Betelgeuse
dwarf Star-forming
Proxima nebula
@ Centauri ~ Eagle Nebula

" Blue dwarf

Planetary Neutron starg

nebula A .
Dumbbell White LGM-1 pulsar

Supernova"
Nebula - dwarf g Kepler's Star
Sirius B (remnant: Grab.Nebula)
dwarf S ~

Black hole
Cygnus X-1

Ixnuoa tou k. cmglee, NASA Goddard Space Flight Center (File:star_life_cycles_red_dwarf.jpg) [CC BY-SA 4.0
thttp://creativecommons.org/licenses/by-sa/4.0)], via Wikimedia Commons
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Awaypoppa HR
H OTOTLOTIKN TWV AOTPWV TIOVU ETILTPETEL VO
eAEYXOUUE TIC Bewpiec pog yLa
TNV YEvvnon,
(wn Ko
OAvoTo TWV ACTPWV,

Tnv €€€ALEN TWV ACTPLKWY CUCTNUATWVY
(yodoéLwv, ocpnvwyv Aotpwv)

Tnv nAwio Touc

Tnv amootaon toug amo tnv n.

!
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TAAXZTPA EXOYN
AIAOOPETIKEZ
OEPMOKPAZIEZ KAl
AIAMETPOYZ KAI ZYNENQZXZ
KAI AIAOOPETIKEZ IZXYEZ
NAMIMPOTHTEZ KAI ATTOAYTA
MEIEGH

EYXAIPXZTIEZ A THN EIKONA
MPIA/V. Joergens. (wiki)

® o=

Gliese 229A Teide 1 Gliese 229B  WISE1828 Jupiter

Sun

5,800 K 3,600 K JONE 950K 300-500

G2 star red dwarf young old ultra-cool planet
star brown dwarf brown dwarf brown dwarf




Me to dtaypappa HR taéivououpe
T AoTpa

* OLEjnar Hertzsprung kat Henry Norris Russell, to 1910
LEAETNOQV OTOTLOTIKA TA LLEXPL TOTE LEAETNHUEVA AOTPA

e £BaAa OAa Ta AoTpa o€ Eva SLAYPAUUA LE cUVTETAYUEVEC (V)
NV oYL Twv aotpwvV (armoAuto peyebocg o eivatl avaioyo
Tou AoyapilBuou tncg oyxvocg) kat (x) tov Seiktn xpwHATOC, N
ToV PACHATIKO TUTTO, TTOU Elvall cuvaApTNoN TNG
Bepuokpaoiog.

 Alamiotwoayv OTL TAL ACTPO CUYKEVTPpWVOVTOL 0 HLAPOPEC
TTOAU OUYKEKPLUEVEC TIEPLOXEC KOLL TOL TIEPLOCOTEPQL
OUYKEVTPWVOVTOL OE Lo oXeOOV «OLOywVLO» YPOALLU TTOU
OVOUQOTNKE KUpla akoAovudia
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Me 1O Olaypauua HR JeAETAUE TA
aoTPa
e AlamotwOnke OtL oTNV KUpLa akoAoudia evuplokovtal Ta

Aotpa 0to pPeyaAutepo dtaotnua TS {wng Toug, 000 Kalve
vSpoyovo.

Kew™ 1. Quolki Twv Aotépwv
e
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Me to dtaypappa HR peAetape ta
aotpa

KaBwc e€eAiooovtal ta aotpa ¢0OEVOUV LE TIC
BepUOTIUPNVIKEC AVTLOPACELC APXLKA TO UOPOYOVO KOl PETA TO
NALO KL OlPYOTEPOL KoL TOL AAAQL XNMULKA oTOLXELAL Kol faBulaia
QTOOKPUVOVTOL OO TNV KUpLla akoAouBia.

MeTa tnV KUpLat akoAouBia ta dotpa, avaloya Ye tTnv pala
TOUC, Yivovtal

A) epuBpot ylyavteg, 1 UTtEPYLyaVTEC Kol 0TO TEAOC yivovTtol
Agvukol vavol

B) aotépec veTpoviwy

) LU PEC TPUTIEC

% 1. Quolk Twv AcTépwv
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Mwc peAeta touc avBpwrtouc evac
e€WYNLWVOC EMLOTAUWV;

Nwc Ba pmopouoe evag eEWyNLVOG TTIOU EPXETAL YLOL LLOL NUEPDO OTN
N (A pa poya mou et pa NUEPA) val BYAAEL cuptepAoATA YL TNV
yévvnon, tTnv {wn Kat Tov Bavato Twv avepwrwv

AC TTOUE OTL TTEPVAEL LA NUEPQA OTNV TTAQTELQ ZUVTAYLLOTOC KOl
AAAN pLoL NUEPQ TNV MAateia Opovolac.

TL B Tou TTPOTEIVATE VO KAVEL

YrioBgtoupe OtL 6ev E€pel EAANVIKA | AAAN YAwooa avBpwrtivn.

14
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AvBpwrvo dtaypappa HR

e AV LETPNOEL TA XOPAKTNPLOTIKA OAWV TwV avBpwTniwyv rtou Ba
ouvavtnoesl Ba pnopeoel va PYAAEL CUUTIEPACHOTOL YLOL TOUC
avOpWTOUC, E0TW KAl AV TOUC LEAETNOEL YLAL LA LEPAQL.

* MapopoLa PEAETAUE TA AOTPOL.

* To diaypoppo HR emutpemnel va LEAETACOUE TNV YEVVNON,
g€EALEN KAl BAVOTO TWV ACTPWV.

http://simple.wikipedia.org/wiki/Hertzsprung%E2%80%93Russell _diagram

1. Quowkn Twv AcTEpwv
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To diaypoppa
Hertzsprung-Russell

* To diaypappo Hertzsprung-Russell mou cuyvotepa
ovopaletal Staypappa H-R, n dtaypappa Avo XpwHATwy

* [apouoLlalel Tnv oXEoN OVAECSO OTO ATTOAUTO LEYEBOC N ToV
AoyaplBuo tne Loyvocg kabe AoTpou o€ cuvapTNON UE TNV
Bepuokpacio Tou AoTPO ) TO XPWHO TOU AOTPOU

* Ejnar Hertzsprung kat Henry Norris Russell, 1910
 Mac Bonbnoe va Katavonoou e TV EEALEN TWV AOTPWV

* Mwc¢ yevviouvtal, moco (ouv, oTte nebaivouv

% 1. Quolk Twv AcTépwv
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HR-diag-no-text.svg, written by User:Rursus

"HR-diag-no-text-2" by User:Spacepotato - Modified version of Image:HR-diag-no-text.svg, written by User:Rursus. Licensed under CC BY-SA 3.0 via
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Wikimedia Commons - https://commons.wikimedia.org/wiki/File:HR-diag-no-text-2.svg#/media/File:HR-diag-no-text-2.svg
Kaler, James B. (1997) Stars and Their Spectra: An Introduction to the Spectral Sequence, Cambridge University Press, pp. p. 77 ISBN: 0521585708
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https://en.wikipedia.org/wiki/International_Standard_Book_Number

CINO Cycle

log £

Triple o
PP Chain

Sun log T

Mapaywyn EVEPYELAG OTO ECWTEPLKO TWV ACTPWV arod Stadpopeg BepuomupnVvikEG avildpaoelg os SLadopeg Bepokpaaieg
"Nuclear energy generation" by RJHall - Own work. Licensed under CC BY-SA 3.0 via Wikimedia Commons -
https://commons.wikimedia.org/wiki/File:Nuclear_energy generation.svg#/media/File:Nuclear_energy generation.svg
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In the Hertzprung-Russell diagram
the temperatures of stars are
plotted against their luminosities.
The position of a star in the
diagram provides information
about its present stage and its
mass. Stars that burn hydrogen into
helium lie on the diagonal branch,
the so-called main sequence. Red
dwarfs like AB Doradus C lie in the
cool and faint corner. AB Dor C has
itself a temperature of about 3 000
degrees and a luminosity which is
0.2% that of the Sun. When a star
exhausts all the hydrogen, it leaves
the main sequence and becomes a
red giant or a supergiant,
depending on its mass (AB Doradus
C will never leave the main
sequence since it burns so little
hydrogen). Stars with the mass of
the Sun which have burnt all their
fuel evolve finally into a white
dwarf (left low corner). ESO
(WIKIPEDIA)
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10 SLaypappua
Hertzsprung Russell umo
Richard Powell 23000
QAoTPO TOU KATAAOYOU
TWV YLETPNOEWV TOU
SdlaotnuomnAoiou
Inmapyo¢ Ko Tou
KataAoyou Gliese
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http://www.atlasoftheuniverse.com/hr.html
http://www.atlasoftheuniverse.com/me.html

Spectral Clas
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Hertzsprung-Russell diagram. A plot of ' | . . ' .
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stars on the left side of the diagram to o S . LT I
the low temperature red stars on the _ .

. . : ] ) Luminosity Abszolute
right side. "This diagram below is a (Sun=1J | hMagnitude
plot of 22000 stars from the Hipparcos 100+ L0
Catalogue together with 1000 low- I
luminosity stars (red and white dwarfs) i
from the Gliese Catalogue of Nearby "7 I
Stars. The ordinary hydrogen-burning I
dwarf stars like the Sun are found in a 1 5
band running from top-left to bottom- I
right called the Main Sequence. Giant I
stars form their own clump on the 0 o ! I
upper-right side of the diagram. Above f(i?/o”z‘;z;i?&o:gEO‘T“"OVOU i
them lie the much rarer bright giants a4 SlaoTnuoTAciou TTITapXoC K a0
and supergiants. At the lower-left is the - ¥ou Katahoyou Gliese i
band of white dwarfs - these are the AN I
dead cores of old stars which have no oo i
internal energy source and over
billions of years slowly cool down — oL -_+15
towards the bottom-right of the ' S
diagram. |
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http://www.atlasoftheuniverse.com/hr.html
http://www.atlasoftheuniverse.com/me.html

10 SLaypappo Hertzsprung Russell pe to mio yvwoto aotpa tou
oupavou, ESO

60 M. .
» Se
’30 M., .
- 1 Comtanri

Spica
. &> - 10 Ms;,-\
-

. Beofatrix

luminosity (sofar units)

10,000 &,000

surface temperature (Kelvin)
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http://www.atlasoftheuniverse.com/hr.html
http://www.eso.org/public/

To SLaypappa
Hertzsprung
Russell dvo
OVOLKTWV
opunvwyv, M67 K
ot NGC 188, ntou
£XOUV
SLaPOPETIKEC
NALKLEC KalL TO
onUELO TToU
armokAivouv
SladeEpel,
€VOELKTLKO TNG
NALKLOLC TOUC.
2XAMA UTTO
Worldtraveller.
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http://en.wikipedia.org/wiki/Open_Cluster_M67
http://en.wikipedia.org/wiki/NGC_188

1O Slaypappa
Hertzsprung
Russell pe toug
VAVOUC OLOTEPEC
e yoAallo Ko
TOUC ylyavteg pe
KOKKLVO XpWLaL
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Ao Tov aplopo twv roo
AOTPWV OE KAOE i

2 2 ~10*
TLEPLOXN QUTOU TOU L
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By derivative work: Rursus (talk) Stellar_evolutionary_tracks-en.PNG: *derivative work: G.A.S Stellar_evolutionary_tracks.gif:
Jesusmaiz (Stellar_evolutionary_tracks-en.PNG) [CC BY 3.0 (http://creativecommons.org/licenses/by/3.0)], via Wikimedia Commons
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= Star TLAs in the Diagram: 5
- AGB Asymptotic Giant Branch
m,. 1 02 — BSG Blue SuperGiant
LBW Luminous Blue Variable
33 MS Main Sequence
et RC Red Clump
(7] TR RG Red Giant
=] RSG Red SuperGiant
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-_— 10° b—— WR WolffRayet star
E Y56 Yellow SuperGiant
5 Zero-age main sequence
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Evolutionary tracks:
S — 60 solar masses
10 (T 15 solar masses
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Sample stellar evolutionary tracks for single stars, zero initial rotational velocity, and solar metallicity: AGS
Asymptotic Giant Branch RG Red Giant SubG Subgiant MS Main Sequence RC Red Clump BSG Blue
Supergiant YSG Yellow Supergiant RSG Red Supergiant WR Wolf-Rayet stars LBV Luminous blue variables. The
image was redrawn in inkscape, to generate SVG. The text was transformed to line loops, cikdéva Rursus
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_15° dldypapua Hertzsprung Russell pe petaBAnToug aoTépeg, IKOVA Rursus
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E€eAIKTIKN TrOpEia M | ! I |

TTPWTOACTEPWYV TTPIV TV KUPIA
akoAou@ia.

AvaBpopi) Xayrdon

Eikova atré Patrick87 [Public domain], via Wikimedia
Commons

.
%)
|

Pre-main-sequence (PMS) evolutionary tracks.
These tracks show the relationship between
luminosity and temperature holding for pre-main-
sequence stars of different masses.Each PMS track
(blue lines) is labeled by the stellar mass in units of
M, (the mass of the sun). The red curves
intersecting the tracks are isochrones which give the
age of an evolving star at the intersection and are
labeled in years. As an example, stars 10° years old
lie along the curve labeled 106. -1
The PMS tracks start at the stars birth depicted by
the isochrone (which is the upper black line near the
10° yr isochrone) and end when the star is entering
the zero age main sequence (ZAMS) (which is the -2 =
lower black line near the 108 yr isochrone).

The nearly vertical parts of the tracks which exist for

&
—
I

(=
|

AIAAPOMH
HAYASHI

Luminosity log {Ly/L;)

stars weighing up to three solar masses are 0.1 \ 11[]3 yr

called Hayashi tracks, whereas the horizontal parts 3L
connecting Hayashi tracks and the ZAMS are | l | l l

called Henyey tracks 4.4 4.2 o 3.8 3.6 3.4
Temperature log (T (K}
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https://en.wikipedia.org/wiki/Pre-main-sequence_star
https://en.wikipedia.org/wiki/Main_sequence
https://en.wikipedia.org/wiki/Hayashi_track
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Ixnua tou K. Steven Stahler [Public domain], via Wikimedia Commons

The numbered curves show the Hayashi tracks of stars of that mass (in solar masses). The small circles represent
observational data of T Tauri stars. The bold curve to the right is the birthline, above which few stars exist. December 1988
Source Understanding young stars: A History (http://adsabs.harvard.edu/abs/1988PASP..100.1474S)

Author Steven Stahler
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Evolution of the Sun
from main sequence to end of fusion

10,000
Fusion ends .
Helium shell burging
Planetary nebula ; :
Towards white dwarf Asym;it?ﬁliﬁi(:;la ranch
1,000
i)
=
=
wn oo Core helium burming
= Horizontal branch
E (100 million years)
3
10

Core hydrogen buming
(9 billion vears)

8,000 7.000 6,000 5,000
Temperature [K]

4,000

EEENIEN evOg doTpou e pada ion pe Tou HAiou, €pyo Tou K. Szczureq

"Evolution of a Sun-like star" by Szczureq - Own work. Licensed under CC BY-SA 4.0 via Wikimedia Commons -
https://commons.wikimedia.org/wiki/File:Evolution_of_a_Sun-like_star.svg#/media/File:Evolution_of_a_Sun-like_star.svg
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MoAU onMOVTIKO
Mpocopolwoelg e€EAEnc aoctpwyv

* http://abyss.uoregon.edu/~js/ast122/lectures/lecl5.html

* http://1.1.1.3/bmi/abyss.uoregon.edu/~js/images/hrevolv.gif

* http://w.astro.berkeley.edu/~dperley/univage/univage.html

e http://1.1.1.4/bmi/w.astro.berkeley.edu/~dperley/univage/clusterh
ranim.gif

* http://ircamera.as.arizona.edu/NatSci1l02/NatScil02/lectures/wh
itedwrf.htm

* http://1.1.1.4/bmi/ircamera.as.arizona.edu/NatSci102/NatSci102
/movies/suntrack3.gif

e http://ircamera.as.arizona.edu/NatScil02/NatScil02/text/cluster
ages.htm
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http://abyss.uoregon.edu/~js/ast122/lectures/lec15.html
http://1.1.1.3/bmi/abyss.uoregon.edu/~js/images/hrevolv.gif
http://w.astro.berkeley.edu/~dperley/univage/univage.html
http://1.1.1.4/bmi/w.astro.berkeley.edu/~dperley/univage/clusterhranim.gif
http://ircamera.as.arizona.edu/NatSci102/NatSci102/lectures/whitedwrf.htm
http://1.1.1.4/bmi/ircamera.as.arizona.edu/NatSci102/NatSci102/movies/suntrack3.gif
http://ircamera.as.arizona.edu/NatSci102/NatSci102/text/clusterages.htm

MoAU onMOVTIKO
Mpocopolwoelg e€EAEnc aoctpwyv

 http://1.1.1.2/bmi/ircamera.as.arizona.edu/NatSci102/NatSci102/m
ovies/clusevolv.gif

* http://astro.if.ufrgs.br/evol/evolve/hansen/StellarEvolnDemo/m5z0
2evolin.html

* http://astro.if.ufrgs.br/evol/evolve/hansen/StellarEvolnDemo/m5z0
2/CHeB He+HRDvmovie.gif

* http://ircamera.as.arizona.edu/NatSci1l02/NatSci/lectures/whitedwr
f.htm

* http://garage.physics.iastate.edu/astrol50/images/isoanim.gif

* http://leo.astronomy.cz/sclock/sclock.html

* http://ecampus.matc.edu/mihalj/astronomy/test5/hich mass stars.
htm
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http://1.1.1.2/bmi/ircamera.as.arizona.edu/NatSci102/NatSci102/movies/clusevolv.gif
http://astro.if.ufrgs.br/evol/evolve/hansen/StellarEvolnDemo/m5z02evoln.html
http://astro.if.ufrgs.br/evol/evolve/hansen/StellarEvolnDemo/m5z02/CHeB_He+HRDvmovie.gif
http://ircamera.as.arizona.edu/NatSci102/NatSci/lectures/whitedwrf.htm
http://garage.physics.iastate.edu/astro150/images/isoanim.gif
http://leo.astronomy.cz/sclock/sclock.html
http://ecampus.matc.edu/mihalj/astronomy/test5/high_mass_stars.htm
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Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTtaLOEVTIKOU €pyou Tou dtdbdokovta.

* To £pyo «Avoikta Akadnpaika Madnipata oto Naveniotipio ABnvwv»

EXEL XpNUaTodOTACEL LOVOo TNV avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

* To £pyo vAomoleital oto rAaiolo Tou Emyelpnotakol MpoypapaToq
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnuatodoteital amo tnv
Evpwnaikn Evwon (Evpwmaiko Kowvwviko Tapeio) kot oo eBVIKoug

TTOPOUC.
n EMNIXEIPHEIAKO MPOITPAMMA
K M EKMAIAEYZH KAI AIA BIOY MAGHZH =// EZI-IA
: ** EnEVIVON GTNY UOVWYid TNE YVWEN LUV /
L i:ﬂ

YNOYPTEIO MAIAEIAL KAl BPHIKEYMATQN QMAIKO KOINQNIKO TAMEIO

Evpwmnaikr ‘Evwon EIATIKH YNMHPEXIA AIAXEIPIZHEX
Evpwmaiké Koivwviké Tapeio . . TR
Me tn ouyxpnparoddétnon tng EAAadag kat tng Evpwmnaikig Evwong
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2 NUELWLOTOL



>NUElwpa lotoplkovu Ekbooewv Epyou

To mapov €pyo amoteei tnv €kdoonl.0.0.

46



>NUElwpa Avadopac

Copyright EBvikov kat Kamodiotplakov Mavenotipuwov ABnvwy, =evodwv A.
Mouaoag 2015. «Elcaywyn otnv Actpoduoikn).Duoikn Twv Aotépwv». Ekdoon
:1.0. ABrivat 2015. AtaBgoipo amnod tn diktuakn dtevBuvon :
http://opencourses.uoa.gr/courses/PHYS1/

d 1. Quolkn Twv AcTEpwY
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http://opencourses.uoa.gr/courses/PHYS1/

>NUElwpa Adetodotnong

To tapov LVALKO SlatiBetal pe toug opoug tng adeslac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopota Atavopn 4.0 [1] R petayevéotepn, AleBvng
‘Exkboon. E&atlpolvtal ta autoteAn €pya Tplitwy m.x. dwroypadiec, Staypappota
K.A.TT., TOL OTIOLOL EUTIEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall e Toug
OpPOUC XPNOoNC Toug oto «XZnueiwpa Xpriong Epywv Tpitwv».

©OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopkn opiletal n xpnon:

* 1ou 6ev mePAOPPAVEL AUECO 1] EUECO OLKOVOLLKO OPEAOC Ao TNV Xprion Tou €pyou, yLa
TO SlovopEa Tou €pyou Kot adelodoyo

* 1ou 6ev meplAapPaveL olkovouLKr) ouvaAlayn we npolnoBeon yla tn xpnon n npooBaocn
OTO £pyO

* 1ou 6ev nmpoomopilel oto SLavouEa ToU £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(rt.x. Stadnuioelg) amod tnv poPfoAr Tou €pyou o€ SLASIKTUAKO TOTO

O Swaovyog pmopel va rapexel otov adelodoyo Eexwplotn adela va XpnoLUOTIOLEL TO £pyO YL
EUTTOPLKNA Xpron, Eepooov auTo tou {ntnbeL.
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[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/
[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatnpnon ZNUELWHATWY

Onoladnmote avanopaywyn n dltaokeun Tou VALKOU Ba TipEMEL va
oupnepAapBavet:

" 10 Znueiwpa Avadopdc

" 10 2Znueiwpa Adslodotnong

" 1N 6nAwon Alatipnong ZNUELWUATWV

" 10 Znueiwpa Xpnong Epywv Tpitwv (edpocov umapxetl)

noll e toug cuvodEVOUEVOUC UTIEPCUVOECOUC.
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